I.

Introduction and Literature Review
Groundwater provides potable water to an estimated 1.5 billion people worldwide daily [1] , and has proved the most reliable resource for meeting rural water demand in sub-Saharan Africa [2] . Boreholes equipped with handpumps are a common technology adopted by poor rural communities, and there are currently approximately 250,000 handpumps in Africa [3] . In 1994, it was estimated that 40-50% of handpumps in subSaharan Africa were not working [4] .This is backed up by more recent data from Uganda [5] and South Africa [6] , which indicated similar operational failure rates. An evaluation in Mali in 1997 found 90% of pumps inoperable just one year after installation [7] . The primary reason for these high failure rates, and hence low sustainability, is insufficient attention to operation and maintenance of the pump [8] . This borehole itself, however, is sometimes the source of the problem. Microbial contamination of collected and stored household water is caused not only by the collection and use of faecally contaminated water that was not safe, to begin with, but also by contamination of initially microbiologically safe water after its collection and storage. Factors contributing to this problem are unsanitary and inadequately protected (open, uncovered or poorly covered) water collection and storage containers, the use of unsanitary methods to dispense water from household storage vessels, including faecally contaminated hands and dippers, lack of protection against contamination introduced by vectors (flies, cockroaches, rodents, etc.) and inadequate cleaning of vessels to prevent biofilm formation and accumulation of sediments and pathogens. Improving and protecting the microbial quality and reducing the infectious disease risks to consumers of collected water stored in households requires alternative or interim strategies and approaches that can be implemented effectively, quickly and affordably [8] . Technically feasible, effective, socio-culturally acceptable and affordable methods for treatment and storage of household water to improve microbial quality and reduce waterborne disease risks are now available. Waiting for the provision of piped, microbiologically safe community water systems to the many people lacking such services is an inappropriate response to the basic need for safer drinking water that can be met on, at least, a provisional basis by available technologies. Effective measures are needed immediately to provide at risk populations with safer water at the household level until the long-term goal of providing safe, piped, community water supplies can be achieved [7, 8, 9] . There is now conclusive evidence that simple, acceptable, low-cost interventions at the household and community level are capable of dramatically improving the microbial quality of household stored water and reducing the risks of diarrheal disease and death in populations of all ages in the developed and developing world. A variety of physical and chemical treatment methods to improve the microbial quality of water are available and many have been tested and implemented to varying extents in a variety of settings and for a diverse range of populations. Many different water collection and storage systems and strategies have been developed, described and evaluated on the basis of various criteria for household and community use. Some of them have been tested under controlled conditions in the laboratory and implemented in field to evaluate their ability to produce drinking water of acceptable microbiological quality and to maintain this quality during storage and use [8, 9] . Some of them also have been evaluated in the field for their ability to reduce diarrheal and other waterborne diseases among users. Because of the importance of education, socio-cultural acceptance, changing people's beliefs and behaviors, achieving sustainability and affordability in the provision of safe water, some of the most promising household water treatment and storage systems and their implementation strategies include or are accompanied by efforts to address these considerations. It is necessary to critically review the various candidate technologies and systems for providing microbiologically improved household water and to identify the most promising ones based on their technical characteristics and performance criteria. These characteristics and performance criteria are: effectiveness in improving and maintaining microbial water quality, reducing waterborne infectious disease, technical difficulty or simplicity, accessibility, cost, socio-cultural acceptability, sustainability and potential for dissemination [9] . However, it is now apparent that improving household water collection, treatment and storage is one option for achieving a beneficial health effect by reducing diarrheal and other infectious diseases [10, 11, 12, 13, 14] . In many developing countries, availability of water has become a critical and urgent problem and it is a matter of great concern to families and communities depending on non-public water supply system [15] . Increase in human population has exerted an enormous pressure on the provision of safe drinking water especially in developing countries [16] . Unsafe water is a global public health threat, placing persons at risk for a host of diarrheal and other diseases as well as chemical intoxication [17] . Unsanitary water particularly has devastating effects on young children in the developing world. Each year, more than 2 million persons, mostly children less than 5 years of age, die of diarrheal disease [18, 19] . For children in this age group, diarrheal disease accounted for 17% of all death from 2000 to 2003 ranking third among causes of death, after neonatal causes and acute respiratory infections [20] . Nearly 90% of diarrheal-related deaths have been attributed to unsafe or inadequate water supplies and sanitation conditions affecting a large part of the world's population [17, 21] . An estimated 1.1 billion persons (one sixth of the world's population) lack access to clean water and 2.6 billion to adequate sanitation [17, 20] . The principal objectives of municipal water are the production and the distribution of safe water that is fit for human consumption [15, 22] . Recently in Nigeria, drinking water is commercially available in easy-to-open 50-60ml polyethylene sacks known as sachet water [16] . Conformation with microbiological standard is of special interest because of the capacity of water to spread diseases within a large population. Although the standards vary from place to place, the objective anywhere is to reduce the possibility of spreading water-borne disease in addition to being pleasant to drink, which implies that it must be wholesome and palatable in all respects [9, 15, 23] . A collaborative, interdisciplinary effort to ensure global access to safe water, basic sanitation, and improved hygiene is the foundation for ending cycle of poverty and diseases [17] .In line with objective of MDG (Millennium Development Goals) adopted by the Federal Republic of Nigeria is the provision of safe potable water and because of the limitation of funds for this provision and others, Ogun State of Nigeria adopted the provision of safe borehole water to augment that of treated water in all parts of the state including Ijebu-Ode metropolis. High level of chlorine in treated public water supply could react with organic matters to form organochlorine compounds which has been found to be carcinogenic when consumed over a long period of time. Hence, a high percentage of people are turning to the use of borehole water for domestic chores and drinking even though Sule et al. [24] in a recent research found out that stressed bacterial cells reactivate faster in dechlorinated water than in chlorinated water. Household water treatment and storage systems are one of many water, sanitation and hygiene options that deserve due consideration in the identification, prioritization and implementation of water, sanitation and hygiene measures for use at household, community and regional levels. It is assumed that treated community water supplies in developed countries generally are of high microbiological quality and therefore safe with respect to waterborne microbial disease risks. However, significantly increased risks of waterborne gastrointestinal illness have been attributed to a centralized community water supply system in a large city of a developed Country (Laval, Quebec, Canada) where water was extensively treated by modern methods and met all microbial quality requirements [25] . Additionally, the infectious disease risks from faecally contaminated and microbially unsafe water in developed countries is considered even greater in the water supplies of smaller communities than the larger ones [26] . Small community water supplies are at greater risk than larger ones because they often lack the technical expertise and financial resources to adequately protect source waters, provide sufficient and technically reliable treatment and maintain the integrity of their distribution systems. For example, most waterborne outbreaks in the United States of America are due to systems with no or inadequate treatment, vulnerable watersheds and aquifers, distribution system deficiencies serving smaller communities. Therefore, it should come as no surprise that in communities throughout the world, improving household water quality by point-of-use treatment reduces risks of diarrheal disease and significantly improves microbial quality. The objectives of this study are to determine the physicochemical parameters of the borehole and well waters; the bacteriological quality of water produced by these water sources; and the safety and potability of the waters
II.
Materials and Methods
Study Area
Ijebu-Ode, town, Ogun state, Southwestern Nigeria is situated along the highway between Shagamu and Benin City. Ijebu-Ode was by the 16th century established as the chief town of the Ijebu people (a subdivision of the Yoruba). As the seat of the Awujale, the Ijebu political and spiritual ruler, it served as the capital of the Ijebu kingdom, which for several centuries dominated the trade between the ports of the Lagos Lagoon (including Lagos, 44 miles [70 km] west-southwest) and the Yoruba hinterland (especially Ibadan, 38 miles [60 km] north). Modern Ijebu-Ode is a major collecting station for kola nuts, which are purchased for trucking to the northern states. Ijebu-Ode also serves as a collecting point for cocoa and palm oil and kernels, which are exported from Lagos. The town's industry includes printing and publishing firm. Its artisans are known for their handiwork in iron. Local trade is primarily in yams, cassava (manioc), corn (maize), palm produce, and oranges; and rubber and timber have become important commercial products of the area.
Collection of Water Samples
2.2.1
Borehole water Ten water samples were collected from ten boreholes within Ijebu-Ode metropolis using sterile sampling bottles. The samples were from Oke-Aje, Degun, Obalende, Stadium road, Abeokuta road, Ita-Ale, Lagos garage road, Ibadan garage road, Imowo and Ejirin, all within Ijebu-Ode Metropolis, Ogun State, Nigeria using standard methods as described by APHA [28] .
2.2.2
Well water Water samples were collected from ten different wells in the same geographical location with the use of sterile sample bottles. A strong thread was attached to the neck of each sterile bottle and gently released into the well; the opened bottle was allowed to sink below the water and was pulled up after observing there were no more bubbles from the bottle. The bottle was gently raised out of the well without allowing bottle to touch the sides of the wells. The caps were carefully replaced and the sample was transported in ice bath to the laboratory for immediate analysis.
Physicochemical Parameters
The pH readings of the water samples were taken using pH meter Wag WT 3020. The pH meter was standardized with buffer 4, 7 and 9 before being used [24] . Temperature of each sample was determined using mercury-bulb thermometer and this was recorded at the point of collection of sample before being transported to the laboratory. Both colour and turbidity of each of the samples were determined using WagWT3020 turbidimeter.
2.4
Bacteriological Quality Determination
Total Bacterial Count
The total bacterial count was determined by pour plate technique using standard methods [27] . Nutrient agar medium was used for the enumeration of bacteria in the samples. Mannitol salt agar was used for the isolation of Staphylococcus aureus while Salmonella sp was isolated on Salmonella-Shigella agar..
Total Coliform Count
This was determined by MPN index method using 3-3-3 regimen. MacConkey broth was used and positive result was indicated by acid and gas production on incubation at 37 0 C for 48 hours [28] .
Faecal Coliform Count
Faecal coliform count was determined using Eosin Methylene Blue medium employing the pour plate technique. On Eosin Methylene Blue (EMB) agar, E. coli strains appeared as greenish metallic sheen colonies and this was further confirmed by the ability of the organism to ferment lactose at 44.5 0 C while Aerobacter aerogenes appeared as large pinkish mucoid colonies [29] .
Identification of Isolates
Identifications of all isolates were done using standard methods as described by APHA [27] , Fawole and Oso [28] and Burnett and Beuchat [29] .
III. Results and Discussion
The pH of the borehole waters sampled ranged from 6.4 to 7.4 while that of well waters ranged from 6.3 to 7.5. Both borehole and well waters analyzed maintained normal temperature range of 22 -28 0 C and 21 -27 0 C, respectively. The colour and turbidity of borehole waters sampled on Wag WT 3020 turbidimeter had a range of 2 -6 True Colour Unit (TCU) and 2 -5 Nephelometric unit (NTU) respectively (Table 1) while that of well water had range of 3 -6 TCU and 3 -6 NTU which are all normal ranges for waters purported to be safe and wholesome for consumption. This pH range is close to neutrality and would allow the growth of most bacterial species. Eniola et al. [30] obtained similar pH ranges of 6.54 -7.80 and 6.54 to 7.90 for borehole water samples stored indoor and outdoor in containers of different colours. Colour is an important physical quality of water which affects its acceptability by consumers. Ninety percent of the borehole water samples were within the acceptable limit of 5 TCU [31, 32] . The mineral composition of the site could affect the colour of the water especially if iron compounds are present. The turbidity of the borehole water samples ranged from 2-5 NTU. This is also in conformity with the acceptable values [31, 32] . Turbidity results from the presence in the borehole water samples of particulate matters such as clay, silt, finely divided organic matter etc. These colloidal materials provide adsorption sites for chemicals that may be harmful to health or cause undesirable tastes or odours [33] . The temperature of any water body affects the rate of proliferation of microorganisms [34] . The temperature range of 22 -28 o C (in the case of borehole water samples) and 21 -27 0 C (for well water samples) could be said to be suitable for the growth of heterotrophic bacterial species when present in the sample (Table  1) . Eight genera of bacteria which include Escherichia coli, Klebsiella spp, Salmonella spp, Shigella spp, Enterococcus spp, Proteus spp, Pseudomonas aeruginosa and Staphylococcus aureus were isolated from both borehole and well waters as shown in Table 2 . On Eosin Methylene Blue (EMB) agar, E. coli strains appeared as greenish metallic sheen colonies while Aerobacter aerogenes appeared as large pinkish mucoid colonies. All biochemical characteristics of isolates were presented in Table 2 
Pseudomonans aeruginosa
KEY +: positive; _: Negative; AG: Acid and gas production; NAG: No acid and gas production
The total bacterial count in borehole and well waters sampled ranged from zero to 2.5 x 10 2 cfu/ml and zero to 8.1 x 10 2 cfu/ml, respectively with about eighty percent of the samples having count within the limit of 100 cfu/ml allowed for potable water [32] . Similarly, the total coliform count of the borehole waters analyzed ranged from zero to 16 MPN index of coliform/100 ml while that of well waters ranged from 16 to 1100 MPN index of coliform/100 ml of the water samples. All the borehole water samples had zero count of faecal coliform while in well water samples, the faecal coliform count ranged from zero to 4.1 x 10 2 cfu/ml (Table 3) . Erah et al . [35] in a study conducted on the quality of ground water in Benin City, Nigeria found unacceptable levels of aerobic bacteria and fungi present in borehole water of Teboga District of Benin City. In another similar work, Eniola et al. [30] obtained a range of 5.0 x10 2 to 7.0 x 10 2 cfu/ml for stored borehole water samples. All the borehole water samples were devoid of faecal coliform, they were however not free of total coliforms which were probably from the environmental sources and were nonfaecal in origin. WHO [31] specified that potable drinking water should be devoid of total coliform in any given sample. The borehole water (sample B) with the highest bacterial count also had the highest total coliform count (Table 3) . It is note-worthy to mention that 50% of the borehole water samples had zero total coliform counts. Results of total coliforms obtained in this study is dissimilar to that of Rogbesan et al. [36] who in their study, reported the presence of total coliform outside the range allowed by WHO in over sixty percent of their samples. E. coli was absent in all borehole water samples but was found present in three of ten wall waters (M, R and S) analyzed for bacteriological quality. Four of ten borehole water samples (B, D, F and G) analyzed was found to contain three or more of the bacterial contaminants while the remaining six (A, C, E, H, I and J) were devoid of these organisms. It was, however, observable that Proteus sp. and A. aerogenes were most predominant in the borehole waters analyzed as they were isolated from three of the ten different ancestral samples (Table 4 ). The ten well waters sampled were found to contain, at least, one of E. coli, Proteus sp, S. aureus, Klebsiella sp., Micrococcus sp. and A. aerogenes. The most predominant organisms being S. aureus and A. aerogenes as they both occurred in six of ten well waters under study ( Table 4 ). The presence of Klebsiella sp., Micrococcus sp. and Aerobacter aerogenes in some of the borehole and well water samples is unacceptable from the public health point of view. These organisms could be pathogenic. Therefore, there is need for caution when using these contaminated water sources for any purposes. Eniola et al. [30] obtained some members of coliform in stored borehole water samples. 
Sanitary survey of the borehole sites revealed the proximity of some of the boreholes to solid waste dump site and animal droppings being littered around them. A total of ten borehole and ten well waters were sampled from sources in Ijebu-Ode, Ogun State, Nigeria. The depth of the well ranged from approximately 17 to 25 ft with three of the wells maintaining same depth of approximately 24 ft deep. Five of the well openings were unraised but however, not at ground level while the remaining five were pronouncedly raised above ground level (Table  5 ). All ten wells were covered and concrete internal rings were present in six. All well waters sampled for analyses were being used for drinking, cooking and washing purposes by the households and some other inhabitants of the community. --ND  NA  NA  NA  B  -+  ND  NA  NA  NA  C  --ND  NA  NA  NA  D  +  +  ND  NA  NA  NA  E  --ND  NA  NA  NA  F  +  +  ND  NA  NA  NA  G  +  +  ND  NA  NA  NA  H  --ND  NA  NA  NA  I  --ND  NA  NA  NA  J  --ND  NA Keys: ND -Not determined; NA -Not Applicable; -Absent and + Present
IV. Conclusion
This investigation suggests that not all borehole waters are safe for consumption and well waters were of poorer bacteriological qualities indicative of health risk to the inhabitants of the geographical location. The sites of boreholes and wells are very important as clean and hygienic environment promote safety of water. The geologist drilling boreholes have to be educated on the importance of ensuring that dump sites are not used for drilling of boreholes. Moreover, the populace needs to be educated on the importance of maintaining clean and hygienic environment around the borehole and well waters to ensure the safety of water from such sources. There is need to carry out a comprehensive epidemiological study to determine the number of people suffering from diseases or illnesses related to the microbial water quality problems identified in the area of study. This will provide information on the actual health problems on ground as well as contribute to the use of untreated groundwater in schools. This will lead to recommendation of realistic remediation methods for each specific health problem. Information obtained would be valuable in the design and implementation of intervention strategies if required. Hence, this will enable the provision of data available to indicate that groundwater in the study areas does not meet the national guidelines of water for human consumption unless treated before use. Interventions such as the implementation of point of use water treatment could be advocated.
